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A HIGl SPEED CAMACDIFFERENTIAL BRANCHHIQiWAY DRIVER

D. E. kkMillmn, R. O. Nelson, R. V. Poore,
J. W. Sunier and J. J. Ross

ABSTRACI’

A n- CM branch driver is described that in-
corporates several unusual features which co~ine to
give reliable, high speed performance. These include
balanced line driver/recmivers, stored CAM4Ccomsand
lists, 8 DM4 channels, pseudo LAMS, hardware priority
encoding of LAMS and hardware implemented Q controlled
block transfers.

IM1’ROOIKTION

When the originel SDS 930 Data Acquisition Com-
puter System at the Los Alanas Scientific Laboratory
(LASL) Van de Graaff facility b=ame obsolete, a new
triple ~DCOMP IV/25 shared me-ry multiprocessor
system was obtained to replace it.1) At first it
was plannd to build high speed, special purpse,
digital interfaces for the anticipatal data devices
such as Tennel~ PACII ANs, EG6G time of flight
clocks, etc. in a manner similar to what existed on
the SOS 930. However, it soon became ●violent that
high performance CAM4C interfaces were feasible so
the develo~ent of such a device was undertaken in
order to gain the advantages of an intentational,
modular standard.

The first htX)COMP/CAk14C interface built at LASL
was done for the dual kFXICOl@IV/25 system at the
Weapons Neutron Researc Facility ●t the Los Alams
Meson Physics Facility. ~) Tniswasadedicatd
CAM4Ccrate controller driven directlyby aM2DCONP
1/0 bus. l%is system has a very fast respmme time
to CAM4CLAMs, but must operate within the 25 to
100 foot limit of the MXICONP 1/0 bus, operates only
one crate ●nd uses only one DMAchannel. These
characteristics were not ●ppropriate for the Van de
Graaff facility because of the dista~ces betwaen
the experimenter’s work ●rea ●nd the computer room,
the very wide range of experiments perfomed which
ir,dicated the need for wre than one C*C crate
end wltiple Dt# operations. T?rus ● aecoti inter-
face was developed called ● Differential Branch
Driver (DBDI end i s ●ssociated Differential Branch
Transciever (DBT).

D. E. hkMillan, R. O. Nelson, R. V, Poore, J, W.
Sunier ●nd J. J. Ross
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LOS Alems, New ~XiCO 87545

Design Considerations

UJDCOMPlV/25 computers offer several features
w~lich are very advantageous for high speed, real
time applications. The design of the DBll attempted
to exploit these as fully as pssibIe. Some of
these features in regard to 1/0 operations and their
significance in this application are as foJlows.

(1) Independent 1/0 Processor Data Path to
=in memry. This is important because high speed
direct memry trcnsfers can be supported without
significant,’ ipirting CPU or even other 1/0 mem-
ory operat~~:.:jo some computer architectures
with a single mermxy bus, the bus can become a bot-
tle neck, ●iiher locking out all other users while
high speed 1/0 occurs ar the 1/0 must be slowed
down in order to allow other users to get to the
main memry.

(2) High speed s-ondary 1/0 processor (SIOP)
available. This ~s significant because it allows
the CAJ4ACDBP to be run on the SIOP while all nor-
M1 periph~rals ●re suppmted by the standard pri-
Mry IK’ processor (PIOP). Since the SICP has
higher priority than the PIOP, the data acquisition
1/0 can occur at the msximm possible rate.

(3) !411tiple CM4 channels with:

(a) Internal word transfer
counter.

(b) Intonul transfer address
control.

(c) Internal error sensing (e.g.
memrry parity errcr, accc.s



rights violstion, and length error
sensing) .

Since these ●ssential features for any M4A system
are provided in the ~DCONP 1/0 processors it sim-
plifies the design of the DBD.

(4) Single word (16bit) or double word (32
bit) transfer per DMP request. This capability
E11OWS the -st efficient use of the 1/0 bandwidth
baause wen though CAJiAChas a 24 bit data word,
MIIy devices such ●s ADCs only generate 10 tc 13
bits of precision which can be easily handled by n
16 bit word transfer. In other cases the full 24
bits can ea<ily be handled by a douhl- word trans-
fer. (By being ●ble to do a double word with one
DMP request, overhead in accessing the IOP is
halved.)

(5] “Endless” or “broken” chain block trans-
fers. This allows a controller such as the DBD to
continuously fill a series of data buffers in a
“round robbin” fashion with no acticn required by
the software ●xcept when the data is coming so fast
that an empty buffer is not currently available to
be filled. Data Interrupts (DIs) end Service
Interrupts (S1s) are provided by the IOFS and com-
patible controllers to allow the software to manage
this situation.

The DBD Design

Figure 1 is a functional block diagram of the
Differential Branch Driver with the MODCOMP1/0
bus prtion on the left designed like the “front
and” logic of a tylical F43DCOMPDMAcontroller. The
differential CAM4Cbranch highway signals are shown
entering and leavir,g the DBD on the right. Some of
the salient features of the systcm are as follows:

(1) Integrated circuit SN75J1OAN differential
line drivers and SN75107AN receivers are used to
implement the differential branch highway in the
DBD and also In the Differential Branch Transceiver
(DBT) located at the other end of the Jifferenti:ll
branch near the CAM4Ccrates. These current setisi-
tive devices provide long branch highway capabili-
ties of up to 3.0 kilometers compared to the normal
branch length of 25 meters or less, They also
provide ground isolation and comnon mde noise re-
jectiol between the CAMACand computer system<
which contributes to s more reliable and a lower
noise 9yste~.

(2) The 7 unassigned ptiirs of wires of a branch
highway designated BV(l-7) are usd as dedicated
lines for selected LANS, called “Psaudo” LANS. These
signals ●re carried completely through to the branch
driver which has special logic to recognize and
mioritv encode them without having to go through
the normal graded LAMcycle. This si@ificantlY
increases the speed of response to these LAMS. Sev-
●nteen additional LAMS are sewiced by the standard
graded LAMcycle procedure and mre ●lso priority
encoded by hardwure in the DBD.

(3) A high speed random access ❑amry (R-AM)
that is 256 words long by 28 bits wide is used to
store B lists of CIU3C connands ●nd up to 12B words
of data if desired. In addition to the normal CNAP,
the comand contains bits to determine whi:h of four

modes of operation are to be used. The faur possi-
ble males are “single cycle”, “address scan”, Q
repeat, and “Q stop”. other bits control whether
the input/output from the computer will be single
word (16 bit) or double word (3? bit), end of stack,
and there are seven mltipurpse bits. These seven
bits control the maxim nmber of cycles allowed in
the “Q Stop” and “Scan Address” males or control
interrupt generation, etc. in the Single CAMACCycle
and “Q Repeat” males of operation. The CNAF is also
internally decoded to determine whether an input or
output rquest is to be made to the computer which
allows intemixed read and write commands to br.
implemented.

(4) Each of the 8 lists of consnands srord in the
MN (called “STACKS”) may be connected to any of the
Pseudo or Nonmal LAM by DIP switches or they moy bc
executed by a computer command to the DBD. Each
STACK may drive a separate direct memory access
channel with independent transfer address, transfer
count, and ●nd of block interrupt. Automatic block
chaining is also supported with the appropriate LII
and S1 intermpts generated at the end of block and
end of chain.

Construction

Constmction of the DBD and I’IBT was implemcr,tcd
using a computer aided wire wrap systcm called CASII
by its vendor Standard Logic, Inc. Figures 2 and
3 show the actual hardware which has remailicd es-
sentially the same throughout the development and
production mdels. There are a total of about 400
integrated circuits in the system. Iight systcm~
have been built for use at LASL and two have been
supplied for use on the FSIDCOMPsystems at the
Lawrence Berkeley Laboratory. Two nnrc are under
constmction for use with a k$31’)COMPCLASSIC 7P60 to
bc rmunted in trailer and moved to various nccelcr-
ators away from Los Almos. The long branch hl~h-
way capability uas essential +.n this application.

Results

Data rate tests have been perfomned to verify
the high performance capability of this syst.cm. For
example when the system was reading in an AK at a
SO KHz sample rat-, the addition of a l(JfI Kll: word
transfer to refresh a graphic display incrcascd the
dead time of the ADC by only 0.7S a ncKligilllc
effect.

In another test when the KIDCOHPwas made to
rIM a CPU bound program, tho addition of 50 KHz in-
put fsmm an ADC slowed the program execution by
only 10S which is perfectly acceptable for o s}’stcm
whose main task is to acquire data.

The system can support single parameter histo-
graming data rates between 90 KHz and lISKJ:Z de-
pandingon the AK type.

Since the standard CAM4Cbranch cycle involves
a transit time handshake, the raw speed of the
system depends on the highway cable ltrngth, trans-
fermde, and dock lengths. Nominal figures for
this system are _ 3 IJsac/16 bit word with*
1S0 feet (-S.7 meters) of cable and ~ 21Jscc/16 bit
wmd with ~ 60 feet (= 18.3 meters) of brancn high-
way cab]
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Reliability of the units have been excellent
with essentially no maintenance required on the
units installed at the Van de Graaff over the 2 to
3 years they have been in continuous use.

I 1. R. V. Poore, D. E. NcMillan, R. O. Nelson, J,\i.

FIGURE 2. Front and top views of the Differential
Branch Driver (DBD)
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FIGURE 3. Front and back views of the Differential
C .+nch Transciever (DBT)


